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I 
摘 要 
 
本组前期工作实现了目前基于二氧化钛纳米棒钙钛矿太阳能电池的最高效
率。本文基于该电池结构，对二氧化钛纳米棒进行掺杂改性，进一步提高了电池
的短路电流；并将钙钛矿层的制备方式由一步旋涂法变为两步旋涂法，提高了钙
钛矿成膜的均一性；最后将其应用 1x1 cm2 的大面积太阳能电池中，取得了最高
为 13.11%的电池效率。 
首先完成了对二氧化钛纳米棒的 Ta 掺杂，并探讨了 Ta 掺杂对二氧化钛能级
位置的影响。由于二氧化钛纳米棒的形貌会对电池效率产生影响，通过调控 Ta
掺杂浓度，及不同掺杂浓度相应的水热反应时间，确保了掺杂前后二氧化钛纳米
棒的形貌一致性。研究结果表明在 Ta5+ 5d 轨道与氧空位的协同作用下，随着掺
杂浓度的增加，导带位置呈现先下降后升高的趋势。 
其次探讨了钙钛矿层两步法旋涂工艺，通过调节碘化铅薄膜的放置时间，甲
胺/甲脒盐的溶液浓度及旋涂转速，制备了无碘化铅杂相、均一性良好的钙钛矿
薄膜。 
最后进行了钙钛矿太阳能电池的制备和探讨。研究结果表明，当 Ta 掺杂浓
度小于 0.1%时，电池的短路电流逐渐增大，开路电压逐渐减小；当 Ta 掺杂浓度
大于 0.1%时，电池的短路电流逐渐减小，开路电压逐渐增大；最后在 0.1%Ta 掺
杂时，电池效率达到最大值 13.11%。并且掺杂也改善了器件的稳定性，0.1%Ta
掺杂器件在大气储存 1000 h 后效率仍保持在初始值的 92％以上。 
 
 
关键词：TiO2 纳米棒；Ta 掺杂；钙钛矿；太阳能电池 
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II 
Abstract 
 
Our group has reported the highest efficiency of perovskite solar cells based on 
TiO2 nanorods. In this paper, based on this structure, we modified TiO2 nanorods by 
doping Ta to improve the short current of solar cells, and we also changed the 
preparation method of perovskite from one-step spin coating to two-step spin coating, 
and achieved the best efficiency of 13.11% in 1x1 cm2 active area.  
Fistly, we successfully prepared the Ta doped TiO2 nanotubes, and discuused the 
effect of Ta doping on the energy level of TiO2 nanotubes. As the morphology of TiO2 
nanorods will affect the efficiency of cells and the Ta doping can change the 
morphology of TiO2 nanorods, we controled the concentration of Ta and the reaction 
time to ensure similar morphology before and after doping. Under the synergistic 
effect of Ta5+ 5d orbit and oxygen vacancy, the conduction band position tended to 
decrease first and then increase with the increase of doping concentration.  
Secondly, a two-step spin-coating process was carried out on the perovskite layer. 
The placement time of the lead iodide film, the concentration of the methylamine salt 
and the spin-coating speed were adjusted to form homogeneous perovskite film 
without iodide lead phase. 
Finally, we fabricated the solar cells based on Ta doped TiO2 nanorods. The J-V 
showed that when the Ta concentration was less than 0.1%, the Jsc gradually 
increased and the Voc gradually reduced. When the Ta doping concentration was 
greater than 0.1%, the Jsc decreased, and the Voc increased. 0.1% Ta doping achieved 
the highest efficiency of 13.11% in 1x1 cm2 active area. The Ta doping also could 
improve the stability of device, the device PCE remained at 92% of the initial value 
after 1000 h of atmospheric storage. 
 
Key words: TiO2 nanorods; Ta doped; perovskite; solar cells 
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